Abstract-It has been shown by the method of probe microfluorimetry of single cells that tuftsin at concentrations of 0.1 and 1.0 μg/mL, increasing the phagocytic activity of murine peritoneal macrophages, causes biphasic changes in the intracellular pH (pHi) over time. First there was a decrease in pHi, reaching the limit in 5 min of incubation. Then, the pHi value increased until reaching the maximum 30 min after the interaction between the cells and the agent. Afterwards, the observed parameter (pHi) did not vary up to minute 55. It was shown that there was no increase in intracellular pH on the addition of the Na + /H + -exchange blocker ethylisopropylamiloride to the incubation medium in the presence of tuftsin. This fact suggests that the observed increase in pHi during tuftsin treatment in the second phase of cell response is associated with the Na + /H + exchange system.
INTRODUCTION
In view of the extensive use of biologically active endogenous peptides and their selective analogs in medicine, considerable attention has been focused in recent years on investigation of the mechanisms of their action [1] [2] [3] . One of such peptides is tuftsin, a regulatory neurotropic tetrapeptide showing the properties of immune response modulator and stimulator of pinocytosis and phagocytosis [4, 5] . Investigation of the effects of biologically active peptides on individual cell regulatory systems, including the system of intracellular pH regulation, is important for the analysis of the mechanism of their action [6] [7] [8] . As has been shown previously [9] , the treatment of peritoneal murine macrophages with the regulatory tetrapeptide tuftsin results in a dose-dependent similar increase in their phagocytic activity and intracellular pH values, with the maximum at peptide concentrations close to its physiological level in the blood of healthy people (0.26 μg/mL) [10] .
The goal of this work was to study the time dependence of the effect of tuftsin on intracellular pH values of isolated peritoneal macrophages and the involvement of Nа + /Н + -exchanger in alkalization of intracellular contents during the treatment with the peptide.
MATERIALS AND METHODS
The experiments were carried out with peritoneal macrophages of outbred white mice. The cells were isolated and inoculated on glasses as described [11] . The cells were incubated in Hank's solution with 10 mmole/L HEPES (pH 7.2; Serva, Germany).
The tetrapeptide tuftsin was used at the concentrations of 0.1 and 1.0 μg/mL causing an increase in the phagocytic activity and intracellular pH values of macrophages as has been shown previously [9] .
The intracellular pH value was determined by the microfluorimetric analysis of single cells, using the fluorescent probe fluorescein diacetate (5 μg/mL; Serva, Germany) [9, 12] . Single cell fluorescence intensity was determined with a LUMAM I3 photometric luminescent microscope (LOMO, Russia) in the narrowband emission spectra of two forms of fluorescein at λ 1 = 520 nm and λ 2 = 570 nm. The method of intracellular pH measurement has been described in detail previously [13] .
BIOPHYSICS
After measuring the pH i values of native cells, tuftsin was added to the latter at the above concentrations, and the time-dependent value of the parameter under study was determined. The experiments were performed in at least five independent series, with three samples per series. In each sample, the measurement was made in ~60 cells randomly selected in the field of vision. The control intracellular pH value of macrophages was 7.18 ± 0.01. The experiments were carried out at 22 ○ С. The results are presented as the arithmetic mean values and mean root square errors of the studied parameters. The experimental results were statistically processed using the Student's test. The differences between the arithmetic mean values of the parameters were considered to be reliable at p < 0.05.
RESULTS AND DISCUSSION
The figure shows the data on the dynamics of changes in the intracellular pH (pH i ) of macrophages over time during their treatment with tuftsin at the concentrations of 0.1 and 1.0 μg/mL causing a marked increase in the level of phagocytosis and intracellular pH value, as we have shown previously [9] . As one can see from the figure, the peptide acts similarly at both concentrations, causing a biphasic change in рН i . In the initial period of time, its value decreases, reaching the minimum in approximately 5 min of interaction between the peptide and the cell: by ~0.17 pH units compared to the control. After 12-15 minutes of incubation, intracellular pH returns to the initial level. Later on, the рН i value gradually increases (by 0.10-0.15 pH units above the control) by minute 20-25. This level of intracellular pH does not vary until minute 45-50 of incubation. Such biphasic variation of pH i , with the initial acidification and subsequent alkalization of intracellular contents, is quite typical of cell response to many biologically active factors [13, 14] , including the tripeptide N-Formyl-Met-Leu-Phe, the known stimulator of neutrophil chemotaxis [15] . The study of time dependence of neutrophil pH i variations under the action of this peptide showed that the maximum acidification of intracellular contents at 37 ○ С was observed already in 0.5 min of incubation, being approximately 0.07 pH units compared to the control. The pH i value recovered to the initial level by the second minute of interaction between the cells and the peptide, followed by its gradual increase up to 0.12 pH units above the control by minute 7 of the incubation. The authors believe that there is a short-term increase in Ca 2+ concentration in the cell cytoplasm at the first stage of interaction between the peptide molecules and the cell receptors. In turn, it activates different processes increasing the concentration of hydrogen ions in the cell, which is reflected in the recorded initial decrease in pH i . Later, the intracellular pH increases due to the enhanced activity of various systems for removing excess H + from the cell, apparently the Nа + /H + exchange system in the first place. Our data show that similar but slower changes in pH i occur also during the treatment of peritoneal murine macrophages with the tetrapeptide tuftsin. The observed difference in the dynamics of intracellular pH changes in the above cases may be due to a number of factors, including the specificity of research objects, the peculiarities of peptide regulators under study, and the differences in experimental conditions, in particular, temperature. The possibility of the latter is indicated by the fact that the reduction of incubation temperature from 37 to 22 ○ С results in a slowdown of the binding of fluorescently labeled tuftsin with the cell surface receptors of peritoneal macrophages without changing the character of events observed [16] . It is notable that the uniform distribution of fluorescent derivative of the peptide, observed by the authors, which was most marked by the fifth minute of incubation, changed into the formation of clusters and then, in approximately 10 min, their endocytosis completed within less than 30 min of incubation. Our data presented in the figure show that, at approximately the same time (20-25 min after the beginning of incubation), the value of intracellular pH of the macrophages reaches a constant level (increased compared to the control). In this aspect, it seems to be very interesting that, according to the available data [17] , the time-dependent specific binding of [ [18] . At the same time, the reduced level of cAMP is maintained in the cells for no less than 60 min. Hence, it would be appropriate to mention that, according to our data presented in the figure, the higher intracellular pH value is maintained in the macrophages for no less than 50 min of their incubation with the peptide. The above, as well as our previous data, shows that tuftsin, under certain conditions, is able to increase both the specific functional activity and the intracellular pH value of macrophages. Hence, it seemed interesting to examine the mechanism of alkalizing effect of the peptide. Taking into account the important role the of Na system in pH i regulation in different types of cells [19] , we attempted to assess the contribution of this system to the increase of intracellular pH observed under the influence of tuftsin. In order to solve this problem, the effect of the peptide was studied under the conditions of selective inhibition of the activity of Nа + /Н + -exchanger of the plasma membrane of macrophages using ethylisopropylamiloride (EIPA). The data given in the table show that the incubation of macrophages in the presence of EIPA reduces the intracellular pH value due to inhibition of the Nа + /Н + exchange system in the cell. The addition of tuftsin (0.3 μg/mL) to the incubation medium under these conditions does not reliably change the initially reduced level of pH i , while the absence of EIPA in the medium at the same peptide concentration is accompanied by a marked alkalization of intracellular contents. The results indicate the involvement of the Nа + /Н + exchange system in the increase of intracellular pH of macrophages recorded during their treatment with tuftsin.
Thus, our data demonstrate the biphasic pattern of changes in the value of intracellular pH of macrophages under the influence of tuftsin and the involvement of the Nа + /Н + exchange system in the alkalizing effect of the peptide on a cell. 
